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Many traditional temple architecture is built in Japan. However, Japan is an earthquake-prone country. In order to 
maintenance these traditional temples, more rational building maintenance systems are demanded in Japan. In this study, 
the technology to support more effective repair planning methods for the traditional temples is considered. We built the 
wireless monitoring system using the MEMS(micro-electro-mechanical systems) technology. In this paper, we 
investigate the effectiveness of the monitoring system. And we shows the results of measuring the Jodoshinshu temples
in Yamaguchi Prefecture, which  was measuered to accumulate the basic sample data.
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ᡃࡀᅜ࡟ࡣࠊ඲ᅜྛᆅ࡟ᩘከࡃࡢᑎ㝔ᘓ⠏ࡀᏑᅾࡋ࡚࠾ࡾࠊᆅᇦࢥ࣑ࣗࢽࢸ࢕࣮ࡢ୰ᚰⓗ࡞Ꮡᅾࢆᢸ࠸࡞
ࡀࡽᆅᇦ⎔ቃࡀᵓ⠏ࡉࢀ࡚ࡁࡓࠋࡇࢀࡽࡢᑎ㝔ᘓ⠏ࡣࠊᘓ⠏ᖺ௦ࡸᘓ≀つᶍ࡞࡝✀ࠎᏑᅾࡍࡿࡀࠊᡤ᭷⪅࠾
ࡼࡧ⟶⌮ᅋయ࡟ࡼࡾᐃᮇⓗ࡟⥔ᣢಖ඲ࡀ࡞ࡉࢀࡿࡇ࡜࡛௒᪥࡟⮳ࡗ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊᆅ㟈ᅜ࡛࠶ࡿᡃ
ࡀᅜ࡟࠾࠸࡚ఏ⤫ⓗᘓ⠏≀ࢆ⥔ᣢ⟶⌮ࡋ࡚࠸ࡃࡓࡵ࡟ࡣࠊࡼࡾྜ⌮ⓗ࡛㧗ᗘ࡞⥔ᣢಖ඲ࢩࢫࢸ࣒ࡢᵓ⠏ࡀồ
ࡵࡽࢀ࡚࠸ࡿࠋᮏ◊✲࡛ࡣࡇࡢࡼ࠺࡞ఏ⤫ⓗᘓ⠏≀ࡢ⥔ᣢಖ඲ࡢࡓࡵ࡟ࠊࡼࡾຠᯝⓗ࡞⿵ಟᨵಟࢆィ⏬ࡍࡿ
ࡓࡵࡢᢏ⾡ࢆᨭ᥼ࡍࡿ┠ⓗ࡛ࠊMEMS㸦ᚤᑠ㟁ẼᶵᲔࢩࢫࢸ࣒㸧ᢏ⾡ࢆά⏝ࡋࡓ↓⥺ࣔࢽࢱࣜࣥࢢࢩࢫࢸ࣒
࡟ࡼࡿᖖ᫬ᚤືィ ࢆ⾜࠸ࠊࡑࡢ᭷ຠᛶ࡟ࡘ࠸᳨࡚ウࡍࡿࡶࡢ࡛࠶ࡿࠋఏ⤫ⓗᘓ⠏≀ࡢᚤືィ ࡟㛵ࡍࡿඛ
⾜◊✲1),2)ࡣᩘከࡃሗ࿌ࡉࢀ࡚࠾ࡾࠊࡑࡢᣲື࡟㛵ࡍࡿ◊✲ᡂᯝࡣ⵳✚ࡉࢀࡘࡘ࠶ࡿࡶࡢࡢࠊ」㞧࡞᣺ືᣲ
ືࢆࡼࡾṇ☜࡟ᢕᥱࡍࡿࡓࡵ࡟ࡣࠊ⌧ሙ࡛ࡼࡾ⡆༢࠿ࡘሀ∼࡟౑⏝࡛ࡁࡿィ ࢩࢫࢸ࣒ࡢᵓ⠏ࡀᮃࡲࢀ࡚࠸
ࡿࠋᮏㄽᩥ࡛ࡣᇶ♏㈨ᩱࢆ⵳✚ࡍࡿ┠ⓗ࡛ᐇ᪋ࡋࡓᒣཱྀ┴ෆࡢ࡯ࡰྠࡌᘓ≀つᶍ࡛࠶ࡿίᅵ┿᐀ᑎ㝔3Ჷࡢ
ᚤືィ ࡢ⤖ᯝ࡟ࡘ࠸࡚♧ࡋࠊࡇࢀࡽࡢࢹ࣮ࢱ࠿ࡽᑎ㝔ᘓ⠏ࡢ᣺ື≉ᛶ࡜MEMSᢏ⾡ࡢ᭷ຠᛶ࡟ࡘ࠸࡚⪃ᐹ
ࢆ⾜ࡗࡓࠋ
㸰㸬᣺ືィ ᴫせ
ィ ࡟ࡣࠊᗈᓥ኱Ꮫ࡛㛤Ⓨࡉࢀࡓ↓⥺㏻ಙࣘࢽࢵࢺࢆ⏝࠸ࡓ㧗ឤᗘ 3㍈ຍ㏿ᗘィࢆ⏝࠸ࡓ㸦෗┿ 1ཧ↷㸧ࠋ
ᮏィ ᶵჾࡣ㛗㊥㞳㸦㏻ಙ㊥㞳 100m㸧ࡢ Bluetooth㏻ಙつ᱁࡟ࡼࡿ↓⥺㏻ಙ᪉ᘧࢆ᥇⏝ࡋ࡚࠾ࡾࠊᗋୗࡸ㌺
ୖࠊኳ஭⿬࡞࡝ࡢ᭷⥺ᘧ࡛ࡣ㓄⥺ࡀᅔ㞴࡞ሙᡤ࡟ࡶࢭࣥࢧ࣮ࢆᐜ᫆࡟タ⨨࡛ࡁࡿ≉ᚩࡀ࠶ࡿࠋ௒ᅇ౑⏝ࡋࡓ
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2ຍ㏿ᗘࢭࣥࢧ࣮ࡢ௙ᵝࡣ௨ୗ࡟♧ࡍ 2✀㢮࡛࠶ࡾࠊᑠᆺࡢຍ㏿ᗘィ㸦MEMSࢧ࣮࣎ᆺ㸧ࡣᱱୖ࡞࡝ࡢ㧗࠸఩
⨨࡟タ⨨ࡋࠊ኱ᆺࡢຍ㏿ᗘィ㸦㐣ῶ⾶ᆺຍ㏿ᗘィ㸧ࡣࠊᱱୖ࡟タ⨨ࡍࡿࡢࡀᅔ㞴࡞ࡓࡵ࡟ᗋୖ࡞࡝ࡢప࠸఩
⨨࡟タ⨨ࡋ࡚ィ ࡟⏝࠸ࡓࠋ
ࢭࣥࢧ࣮ᶵ✀
ձ㹼ճ ᑠᆺຍ㏿ᗘࢭࣥࢧ࣮
    ᪉ᘧ㸸MEMSࢧ࣮࣎ᆺ㸦Colibrys♫ SF3000L㸧
    ຍ㏿ᗘ᳨ฟ⠊ᅖs3g㸦s29.4m/s2,s2940gal㸧
    ࣀ࢖ࢬࣞ࣋ࣝ㸸300 ngrms/Hz
մ㹼շ ኱ᆺຍ㏿ᗘࢭࣥࢧ࣮
    ᪉ᘧ㸸㐣ῶ⾶ᆺຍ㏿ᗘィ㸦Mitutoyo♫ JEP-6A3㸧
    ຍ㏿ᗘ᳨ฟ⠊ᅖs2000gal㸦ฟຊឤᗘ 1.02V/m㺃s-2㸧
    ࣀ࢖ࢬࣞ࣋ࣝ㸸0.2ȣV௨ୗ
෗┿ 1 MEMSィ ᶵჾ    
㸱㸬 ᐃᘓ≀
ᑎ㝔$㸦ᒣཱྀ┴ୗᯇᕷ㸧
ᒣཱྀ┴ୗᯇᕷ࡟࠾ࡅࡿᑎ㝔 A࡛ࡣ᣺ືィ ࡣࠊ2ࣃࢱ࣮ࣥ࡟ࡘ࠸࡚ᚤືィ ࢆᐇ᪋ࡋࡓࠋࣃࢱ࣮ࣥ㸯ࡣࠊ
ᘓ≀඲యࡢ᣺ື≉ᛶࢆ᳨ウࡍࡿࡓࡵࡢィ ィ⏬࡛࠶ࡾࠊィ ఩⨨ࢆᅗ 1㹼ᅗ 3 ࡟♧ࡍࠋࡲࡓࠊࣃࢱ࣮ࣥ㸰ࡣ
୺せ࡞ᵓ㠃㸦༡໭ 1ᵓ㠃㸧࡟ᑐࡍࡿ᣺ືᛶ≧ࢆ᳨ウࡍࡿࡓࡵࡢィ ィ⏬࡛࠶ࡾࠊィ ఩⨨ࢆᅗ 4࡟♧ࡍࠋ
෗┿ 2 ᑎ㝔 A඲ᬒ(2011.3.20᧜ᙳ)
 
ᅗ 1 ィ ఩⨨㸦1㝵ᖹ㠃ᅗ㸧       ᅗ 2 ィ ఩⨨㸦ኳ஭అᅗ㸧
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⌧ᮏᇽࡢᘓタ࣭ᨵಟᕤ஦グ㘓
1804ᖺ ᘓ❧㸦ᙜ᫬ࡢᲷᮐ࠶ࡾ㸧
1926ᖺ ᮏᇽ࣭ᒣ㛛ಟ᚟㹙᪤Ꮡࡢ⎰ࢆࡑࡢࡲࡲ౑
ࡗࡓࡶࡢࠊᕥྑࡢ㨣⎰ࡶ〇㐀ᖺ௦ࡀ␗࡞
ࡿ㹛
1986ᖺ ᮏᇽ࣭ᒣ㛛᫛࿴ಟ᚟
1997ᖺ ෆ㝕ಟ᚟
2005ᖺ 㛛ಙᚐ఍㤋᪂⠏
⠏ 207ᖺ㸦ㄪᰝᖺ 2011ᖺ⌧ᅾ㸧
↓⥺㏻ಙࣘࢽࢵࢺ
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3ᅗ 3 ィ ࣃࢱ࣮ࣥ㸯 ࢭࣥࢧ࣮఩⨨㸦᩿㠃ᅗ㸧
ᅗ 4 ィ ࣃࢱ࣮ࣥ㸰 ࢭࣥࢧ࣮఩⨨㸦᩿㠃ᅗ㸧
ྛࢭࣥࢧ࣮ࡢタ⨨≧ἣࢆ෗┿ 3㹼෗┿ 8࡟♧ࡍࠋ
 
෗┿ 3  ᐃᆅⅬձ GL     ෗┿ 4  ᐃᆅⅬղ 㸯F    ෗┿ 5  ᐃᆅⅬճ RF
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4 
෗┿ 6  ᐃᆅⅬմ 1F-1  ෗┿ 7  ᐃᆅⅬյ 1F-2    ෗┿ 8 ᐃᆅⅬն 1F-3
ィ ⤖ᯝ㸦ఏ㐩㛵ᩘ㸧
X᪉ྥ                       Y᪉ྥ
ᅗ 5 ఏ㐩㛵ᩘ㸦ᘓ≀-ᆅ┙㐃ᡂ⣔㸧㸦ィ ࣃࢱ࣮ࣥ㸯㸧

1ḟ࣮ࣔࢻ㸦࿘ᮇ 0.40sec㸧    2ḟ࣮ࣔࢻ㸦࿘ᮇ 0.26sec㸧
ᅗ 6 ᣺ື࣮ࣔࢻ

ࡡࡌࡾ࣮ࣔࢻ㸦࿘ᮇ 0.18sec㸧     ᅇ㌿࣮ࣔࢻ㸦࿘ᮇ 0.45sec㸧
ᅗ 7 ᣺ື࣮ࣔࢻ
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5100Hzࢧࣥࣉࣜࣥࢢ࡛ 5ศ㛫㸦300⛊㛫㸧ィ ࡋࡓᚤືἼᙧ࠿ࡽ 2048ࢹ࣮ࢱࢆ 1ࢭࢵࢺ࡜ࡋ࡚ᢳฟࡋࡓࣇ
࣮࢚ࣜࢫ࣌ࢡࢺࣝ࡟࠾ࡅࡿᆅ┙ୖ㸦ࢭࣥࢧ࣮ձGL㸧࡜ᘓ≀ᱱୖ㸦ࢭࣥࢧ࣮ճRF㸧࡜ࡢࢫ࣌ࢡࢺࣝẚ࡟ࡼࡗ
࡚⟬ฟࡋࡓ」ᩘࡢఏ㐩㛵ᩘࡢᖹᆒ್ࢆᅗ 5 ࡟♧ࡍࠋᅗࡣ X ᪉ྥ㸦EW ᪉ྥ㸧ࠊY ᪉ྥ㸦NS ᪉ྥ㸧࡟ᑐࡍࡿ
ఏ㐩㛵ᩘࢆ♧ࡍࠋࡲࡓࠊྛ༟㉺࿘ᮇ࡟ᑐࡍࡿࣂࣥࢻࣃࢫࣇ࢕ࣝࢱฎ⌮ࢆᐇ᪋ࡋࠊྛ ᐃⅬࡢ᣺ືἼᙧࢆࡘ࡞
ࡂྜࢃࡏࡓ᣺ື࣮ࣔࢻᅗࢆᅗ 6㹼ᅗ 7࡟♧ࡍࠋࡇࢀࡽࡢᅗࡼࡾࠊᑎ㝔 Aࡢᅛ᭷࿘ᮇࡣ 0.40sec࡛࠶ࡿ࡜᥎ᐃ
ࡉࢀࠊ༡໭᪉ྥ㸦NS ᪉ྥ㸧࡟୺せ࡞᣺ᖜࢆࡶࡘ᣺ື࣮ࣔࢻ࡛࠶ࡿࡇ࡜ࡀ࠿ࢃࡿࠋࡲࡓࠊ㧗ḟࡢ᣺ື࣮ࣔࢻ
㸦2 ḟ࣮ࣔࢻ㸸࿘ᮇ 0.26secࠊࡡࡌࢀ᣺ື࣮ࣔࢻ㸸࿘ᮇ 0.18sec㸧ࡸᘓ≀ࡢᅇ㌿᣺ື࣮ࣔࢻ㸦࿘ᮇ㸸0.45sec㸧
ࡀ☜ㄆࡉࢀࡓࠋ
ィ ࣃࢱ࣮ࣥ㸰࡛ࡣࠊᘓ≀࡟ᑐࡋேຊຍ᣺ᐇ㦂ࢆᐇ᪋ࡋࡓࠋຍ᣺఩⨨ࡣࠊᅗ 4࡟♧ࡍ▮༳ࡢ఩⨨ࡢᰕ࡛࠶
ࡿࠋ๓㏙ྠᵝ࡟ࣇ࢕ࣝࢱฎ⌮ࢆᐇ᪋ࡋ㸪ྛ ᐃⅬࡢ᣺ືἼᙧࢆࡘ࡞ࡂྜࢃࡏࡓ᣺ື࣮ࣔࢻᅗ㸦࿘ᮇ 0.40sec㸧
ࢆᅗ 8࡟♧ࡍࠋᅗࡼࡾ㸪1Fᗋࣞ࣋ࣝ࡟㓄⨨ࡋࡓࢭࣥࢧ࣮㸦ն1F-1㸪շ1F-2㸧ࡢᛂ⟅ࡣୖ㒊ࡢᛂ⟅࡟ẚ࡭ᑠࡉ
࠸࡞ࡀࡽࡶᘓ≀඲యࡢ 1ḟ࣮ࣔࢻ࡟ᑐࡍࡿ᣺ືᣲືࢆ♧ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋࡲࡓேຊຍ᣺࡟ࡼࡿᙉ
ไኚ఩᣺ືἼᙧ࠿ࡽᢳฟࡋࡓ⮬⏤᣺ືἼᙧࢆᅗ 9࡟♧ࡍࠋࡇࡢ᣺ືἼᙧ࠿ࡽ᣺ᖜẚ㸦∦᣺ᖜ㸧ࢆᢳฟࡋࠊᑐ
ᩘῶ⾶ᐃᩘࢆ⟬ฟࡍࡿ࡜ࠊῶ⾶ᐃᩘࡣ h=0.021࡛࠶ࡗࡓ㸦ᅗ 10ཧ↷㸧ࠋ
ᅗ 8 ィ ࣃࢱ࣮ࣥ㸰࣭ேຊຍ᣺࣭⮬⏤᣺ື࣮ࣔࢻ㸦࿘ᮇ 0.40sec㸧

ᅗ 9 ேຊຍ᣺࣭⮬⏤᣺ືἼᙧ㸦ճRF-3 y᪉ྥ㸧  ᅗ 10 ᑐᩘῶ⾶⋡ࡢ⟬ฟ
ᰕࡢഴᩳゅᗘィ 
ᑎ㝔 A࡟ࡘ࠸࡚ࡣ୺せ࡞ᰕࡢഴᩳゅᗘࢆ ᐃࡋࡓࠋ ᐃࡋࡓᰕࡣᅗ 11࡟♧ࡍィ 20࠿ᡤ࡛࠶ࡾࠊᅗ୰࡟♧
ࡍᗙᶆ⣔࡟ᑐࡋࠊx ᪉ྥࠊy ᪉ྥࡢࡑࢀࡒࢀ 2 ᪉ྥ࡟ᑐࡋィ ࢆ⾜ࡗࡓࠋィ ࡟ࡣୗࡆ᣺ࡾࢆ⏝࠸ࠊᰕ㢌ࠊ
ᰕ⬮ࡢഴᩳࢆィ ࡋࡓࠋᅗ୰࡟ᰕࡢഴᩳ᪉ྥࢆᅗ♧ࡍࡿࠋࡲࡓࠊ⾲ 1࡟ィ ⤖ᯝࢆ♧ࡍࠋࡇࢀࡽࡢᅗ⾲ࡼࡾࠊ
ᰕࡣ᭱኱࡛ 1/75 ⛬ᗘഴᩳࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋࡲࡓࠊᰕࡢከࡃࡣࠊ໭࡟ྥ࠿ࡗ࡚ഴᩳࡋ࡚࠸ࡿഴྥࡀ☜
ㄆࡉࢀࡓࠋࡇࡢ᪉ྥࡣᖖ᫬ᚤື࡟࠾ࡅࡿ 1 ḟ࣮ࣔࢻࡢ᣺ᖜ᪉ྥ࡜୍⮴ࡋ࡚࠾ࡾࠊᘓ≀ࡢᖖ᫬ᚤື࡟ࡼࡗ࡚ᚓ
ࡽࢀࡓ᣺ື≉ᛶ࡜ᰕࡢഴᩳ࡟㛵ࡋ࡚ࠊ௒ᚋ㛗ᮇ㛫࡟ࢃࡓࡾ⤒ᖺኚ໬࡟ᑐࡍࡿࢹ࣮ࢱࢆ⵳✚ࡍࡿ࡞࡝ࡢ㏣㊧ㄪ
ᰝࡀᮃࡲࢀࡿ⤖ᯝ࡛࠶ࡗࡓࠋ
࿘ᮇ 0.40sec࣮ࣔࢻ(ࣂࣥࢻࣃࢫࣇ࢕ࣝࢱ࣮2.5Hz±0.1Hz)㻌
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6ᅗ 11 ഴᩳィ ⟠ᡤ㸦ィ 20࠿ᡤ㸧
⾲ 1 ᰕࡢഴᩳゅᗘ 
X᪉ྥ㸦EW᪉ྥ㸧         Y᪉ྥ㸦NS᪉ྥ㸧 

ᑎ㝔%㸦ᒣཱྀ┴㜵ᗓᕷすᾆ㸧
ᑎ㝔 B㸦ᒣཱྀ┴㜵ᗓᕷすᾆ㸧࡛ࡣᑎ㝔 Aࡢィ ࣃࢱ࣮ࣥ 1࡜ྠᵝࡢィ Ⅼ࡟ࢭࣥࢧ࣮ࢆ㓄⨨ࡍࡿࡇ࡜࡛ࠊ
ᘓ≀ࡢᚤືィ ࢆᐇ᪋ࡋࡓࠋ෗┿ 9࡟ᑎ㝔 Bࡢ඲ᬒ෗┿ࢆ♧ࡍࠋ
෗┿ 9 ᑎ㝔 B඲ᬒ(2011.6.18᧜ᙳ)
๓⠇ྠᵝ࡟ 100Hzࢧࣥࣉࣜࣥࢢ࡛ 5ศ㛫㸦300⛊㛫㸧ィ ࡋࡓᚤືἼᙧ࠿ࡽ⟬ฟࡋࡓᖹᆒఏ㐩㛵ᩘ㸦ᆅື
࡟ᑐࡍࡿᘓ≀ࡢᛂ⟅ಸ⋡㸧ࢆᅗ 12 ࡟♧ࡍࠋࡲࡓࠊྛ༟㉺࿘ᮇ࡟ᑐࡍࡿࣂࣥࢻࣃࢫࣇ࢕ࣝࢱฎ⌮ࢆᐇ᪋ࡋࠊ
ྛ ᐃⅬࡢ᣺ືἼᙧࢆࡘ࡞ࡂྜࢃࡏࡓ᣺ື࣮ࣔࢻᅗࢆᅗ 13࡟♧ࡍࠋᑎ㝔 Bࡢᅛ᭷࿘ᮇࡣ 0.38sec࡛࠶ࡿ࡜᥎
ᐃࡉࢀࡓࠋࡲࡓࠊ㧗ḟࡢ᣺ື࣮ࣔࢻ㸦2ḟ࣮ࣔࢻ㸸࿘ᮇ 0.24sec㸧ࡀ☜ㄆࡉࢀࡓࠋ
E1㻌
D1㻌
C1㻌
B1㻌
A1㻌
E2㻌
D2㻌
C2㻌
B2㻌
A2㻌
E3㻌
D3㻌
C3㻌
B3㻌
A3㻌
E4㻌
D4㻌
C4㻌
B4㻌
A4㻌
㻝 㻞 㻟 㻠
㻱 㻙㻝㻛㻝㻠㻝 㻙㻝㻛㻣㻠 㻙㻝㻛㻝㻡㻟 㻙㻝㻛㻝㻝㻜
㻰 㻙㻝㻛㻝㻝㻢 㻙㻝㻛㻝㻟㻞 㻙㻝㻛㻝㻜㻡 㻙㻝㻛㻣㻡
㻯 㻙㻝㻛㻤㻜 㻙㻝㻛㻝㻜㻝 㻙㻝㻛㻝㻜㻝 㻙㻝㻛㻣㻣
㻮 㻙㻝㻛㻝㻤㻠 㻙㻝㻛㻝㻢㻜 㻙㻝㻛㻝㻤㻠 㻙㻝㻛㻝㻣㻡
㻭 㻝㻛㻢㻞㻜 㻙㻝㻛㻞㻥㻣 㻙㻝㻛㻞㻞㻜 㻙㻝㻛㻞㻝㻥㻥
㻝 㻞 㻟 㻠
㻱 㻝㻛㻝㻞㻣 㻝㻛㻤㻝 㻝㻛㻝㻢㻥 㻝㻛㻝㻟㻡
㻰 㻝㻛㻝㻜㻡 㻝㻛㻝㻜㻥 㻝㻛㻝㻡㻡 㻝㻛㻝㻜㻜
㻯 㻝㻛㻝㻞㻣 㻝㻛㻝㻡㻤 㻝㻛㻝㻠㻟 㻝㻛㻝㻝㻢
㻮 㻝㻛㻝㻝㻞 㻝㻛㻞㻤㻡 㻝㻛㻟㻞㻝 㻝㻛㻝㻝㻢
㻭 㻝㻛㻥㻤 㻝㻛㻝㻟㻣 㻝㻛㻝㻝㻡 㻝㻛㻝㻡㻢
E1㻌
D1㻌
C1㻌
B1㻌
A1㻌
E2㻌
D2㻌
C2㻌
B2㻌
A2㻌
E3㻌
D3㻌
C3㻌
B3㻌
A3㻌
E4㻌
D4㻌
C4㻌
B4㻌
A4㻌
x㻌
y㻌
N
ᰕࡢഴᩳ᪉ྥ㸦ኚᙧࢆ 10ಸ࡟ᣑ኱⾲♧㸧
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7
X᪉ྥ                      Y᪉ྥ
ᅗ 12 ఏ㐩㛵ᩘ㸦ᘓ≀-ᆅ┙㐃ᡂ⣔㸧
ࣂࣥࢻࣃࢫࣇ࢕ࣝࢱ࣮2.6Hz㸦0.38sec㸧s0.1Hz   ࣂࣥࢻࣃࢫࣇ࢕ࣝࢱ࣮4.1Hz㸦0.24sec㸧s0.1Hz
 
㸯ḟ࣮ࣔࢻ㸦࿘ᮇ0.38sec㸧         㸰ḟ࣮ࣔࢻ㸦࿘ᮇ0.24sec㸧
ᅗ 13 ᣺ື࣮ࣔࢻ
ᑎ㝔&㸦ᒣཱྀ┴㜵ᗓᕷ኱㐨㸧
ᑎ㝔 C㸦ᒣཱྀ┴㜵ᗓᕷ኱㐨㸧࡛ࡶᑎ㝔 Aࡢィ ࣃࢱ࣮ࣥ 1࡜ྠᵝࡢィ Ⅼ࡟ࢭࣥࢧ࣮ࢆ㓄⨨ࡍࡿࡇ࡜࡛ࠊ
ᘓ≀ࡢᚤືィ ࢆᐇ᪋ࡋࡓࠋ෗┿ 10࡟ᑎ㝔 Cࡢ඲ᬒ෗┿ࢆ♧ࡍࠋྠᵝࡢ⤖ᯝࢆᅗ 14㸪ᅗ 15࡟♧ࡍࠋᑎ㝔 C
ࡢᅛ᭷࿘ᮇࡣ 0.43sec࡛࠶ࡿ࡜᥎ᐃࡉࢀࡓࠋ
෗┿ 10 ᑎ㝔 C඲ᬒ(2011.6.18᧜ᙳ)
 ௨ୖ࡟♧ࡋࡓᑎ㝔Aࠊᑎ㝔Bࠊᑎ㝔Cࡢ㸱ࡘࡢᘓ≀ࡢᅛ᭷࿘ᮇࡢ୍ぴࢆ⾲ 2࡟ࡲ࡜ࡵ࡚♧ࡍࠋ௒ᅇィ ࡋࡓ
ᑎ㝔ࡢᅛ᭷࿘ᮇࡣ0.38㹼0.42secࡢ⠊ᅖ࡛࠶ࡾࠊ᪤ ࡢ◊✲࡛ሗ࿌ࡉࢀ࡚࠸ࡿ୍⯡ⓗ࡞ᑎ㝔ᘓ⠏ࡢᅛ᭷࿘ᮇ࡜
ྠ⛬ᗘࡢ್࡛࠶ࡗࡓࠋࡲࡓ↓⥺ィ ࢩࢫࢸ࣒࡟ࡼࡿከⅬྠ᫬ィ ࡟ࡼࡾ」㞧࡞ᑎ㝔ᘓ⠏ࡢ᣺ື≉ᛶࢆຠᯝⓗ
࡟ィ ࡋᢕᥱࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ
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8
X᪉ྥ                   Y᪉ྥ
ᅗ 14 ఏ㐩㛵ᩘ㸦ᘓ≀-ᆅ┙㐃ᡂ⣔㸧
ࣂࣥࢻࣃࢫࣇ࢕ࣝࢱ࣮2.3Hz㸦0.43sec㸧s0.1Hz    ࣂࣥࢻࣃࢫࣇ࢕ࣝࢱ࣮3.3Hz㸦0.30sec㸧s0.1Hz
 
㸯ḟ࣮ࣔࢻ㸦࿘ᮇ0.43sec㸧        㸰ḟ࣮ࣔࢻ㸦࿘ᮇ0.30sec㸧
ᅗ 15 ᣺ື࣮ࣔࢻ
⾲ 2 ᅛ᭷࿘ᮇࡢẚ㍑ 
1ḟ࣮ࣔࢻ(sec) 2ḟ࣮ࣔࢻ(sec)
ᑎ㝔A 0.40 0.26
ᑎ㝔B 0.38 0.24
ᑎ㝔C 0.43 0.30
㸲㸬ࡲ࡜ࡵ
 ᮏ◊✲࡛ࡣఏ⤫ⓗᘓ⠏≀ࡢ⥔ᣢಖ඲ࡢࡓࡵ࡟ࠊࡼࡾຠᯝⓗ࡞⿵ಟᨵಟࢆィ⏬ࡍࡿࡓࡵࡢᢏ⾡ࢆᨭ᥼ࡍࡿ┠
ⓗ࡛ࠊMEMSᢏ⾡ࢆά⏝ࡋࡓ↓⥺ࣔࢽࢱࣜࣥࢢࢩࢫࢸ࣒࡟ࡼࡿᖖ᫬ᚤືィ ࢆ⾜࠸ࠊࡑࡢ᭷ຠᛶ࡟ࡘ࠸᳨࡚
ウࡋࡓࠋࡑࡋ࡚ᇶ♏㈨ᩱࢆ⵳✚ࡍࡿ┠ⓗ࡛ᐇ᪋ࡋࡓᒣཱྀ┴ෆࡢίᅵ┿᐀ᑎ㝔ࡢᚤືィ ࡢ⤖ᯝ࡟ࡘ࠸࡚♧ࡋࠊ
ࡇࢀࡽࡢࢹ࣮ࢱ࠿ࡽᑎ㝔ᘓ⠏ࡢ᣺ື≉ᛶ࡜MEMSᢏ⾡ࡢ᭷ຠᛶ࡟ࡘ࠸࡚⪃ᐹࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊᑎ㝔ᘓ⠏
ࡣ㠀ᖖ࡟」㞧࡞᣺ື≉ᛶࢆ᭷ࡋ࡚࠾ࡾࠊᚤືィ ࢆࡍࡿ㝿࡟ࡣࠊᩘከࡃࡢྠ᫬ィ Ⅼࢆタࡅࡿࡇ࡜ࡀ㔜せ࡛
࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡲࡓࠊᮏィ ࢩࢫࢸ࣒ࡣࠊ↓⥺㏻ಙ᪉ᘧ࡟ࡼࡿከᆅⅬྠ᫬ィ ࡀྍ⬟࡛࠶ࡾࠊᑎ㝔ᘓ
⠏ࡢࡼ࠺࡞ᘓ⠏✵㛫࡟ᑐࡋࠊᐜ᫆࡟ከᆅⅬྠ᫬ィ ࡀྍ⬟࡛࠶ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ
௒ᚋࡢᒎᮃ࡜ࡋ࡚ࡣࠊఏ⤫ᮌ㐀ᘓ≀ࡢືⓗᵓ㐀≉ᛶࢆ⿵ಟᨵಟࡢᑓ㛛ᴗ⪅ཬࡧ୍⯡࣮ࣘࢨ࣮࡟┠࡟ぢ࠼ࡿ
ᙧ࡛᝟ሗࢆᥦ౪ࡍࡿࡇ࡜࡛ࠊᘓ⠏≀ࡢ⪏㟈Ᏻ඲ᛶ࡟㛵ࡍࡿデ᩿ᢏ⾡ࡢ㧗ᗘ໬࡟ᐤ୚ࡍࡿຠᯝࡀᮇᚅࡉࢀࡿࠋ
ࡲࡓࠊ㏻ᖖ⾜ࢃࢀ࡚࠸ࡿᘓ≀デ᩿ᴗົࡢᶆ‽ⓗㄪᰝ㡯┠࡜ࡋ࡚పࢥࢫࢺ࡛ᗈࡃᬑཬࡉࡏࡿࡇ࡜ࡀ࡛ࡁࢀࡤࠊ
デ᩿ᢏ⾡ࡢ㧗⢭ᗘ໬ࡢ☜❧࡟ᐤ୚ࡋࠊࡇࢀࡽࡢィ ࢹ࣮ࢱࢆ⥅⥆ⓗ࡟⵳✚ࡋ࡚ࡺࡅࡤᘓ≀ࡢ㛗ᮇ⥔ᣢ⟶⌮ࡢ
ᨭ᥼ᢏ⾡࡜࡞ࡿ࡞࡝ࡢຠᯝࡀᮇᚅࡉࢀࡿࠋ
ཧ⪃ᩥ⊩
1) ኴ⏣ እỀᬕ㸪ᑿෆ ಇኵ㸪ᑠᕝ ᾈ㸸ᑎ㝔ᘓ⠏ࡢ⪏㟈ᛶྥୖ࡟㛵ࡍࡿ◊✲ : ࡑࡢ1:ᐇᅾᑎ㝔ࡢ᣺ື≉ᛶ㸪᪥ᮏᘓ⠏Ꮫ
఍኱఍Ꮫ⾡ㅮ₇᱾ᴫ㞟㸪ᵓ㐀III㸪 pp.41-42㸪2004.8.
2) ୰ᮧ 㤶⧊㸪ᩧ⸨ 㞞ே㸪ᐑᮏ ಇ㍜㸪ධỤ ᗣ㝯㸪ᐑ⃝ ೺஧㸪ᚋ⸨ ἞㸸ᑎ㝔ᘓ⠏ࡢ⪏㟈デ᩿࣭⪏㟈⿵ᙉ࡟ࡘ࠸࡚ : ࡑ
ࡢ5.ᖖ᫬ᚤື ᐃ࡟ࡘ࠸࡚㸪᪥ᮏᘓ⠏Ꮫ఍኱఍Ꮫ⾡ㅮ₇᱾ᴫ㞟㸪ᵓ㐀III㸪 pp.37-38㸪2004.8.
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